Metabolic acidosis is commonly found in patients with chronic kidney disease (CKD), and its causes are: impaired ammonia excretion, reduced tubular bicarbonate reabsorption and insufficient renal bicarbonate production in relation to the amount of acids synthesised by the body and ingested with food. As the consequence, numerous metabolic abnormalities develop, which may lead to dysfunction of several organs. In observational studies, it has been found that CKD patients with metabolic acidosis are characterised by faster progression of kidney disease towards end stage kidney failure, and by increased mortality. Results of interventional studies suggest that alkali therapy in CKD patients slows progression of kidney disease. In view of these facts, the members of "The Working Group of the Polish Society of Nephrology on Metabolic and Endocrine Abnormalities in Kidney Diseases" have prepared the following statement and guidelines for the diagnosis and treatment of metabolic acidosis in CKD patients. Measurement of bicarbonate concentration in venous plasma or venous blood to check for metabolic acidosis should be performed in all CKD patients and metabolic acidosis in these patients should be diagnosed when the venous plasma or venous blood
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insulin resistance, and alkalisation with sodium bicarbonate increases insulin sensitivity [22 -24] . In patients with CKD who have hypertriglyceridemia, the administration of sodium bicarbonate results in the reduction of serum triglycerides concentration [25] . In CKD patients, metabolic acidosis impairs the peripheral conversion of thyroxine into triiodothyronine, which results in the reduction of the serum triiodothyronine concentration [26] . In addition, the results of animal experiments suggest that metabolic acidosis in patients with CKD increases the serum hepcidin concentration, and thus participates in the pathogenesis of anaemia of chronic disease [27, 28] . It has been shown that in CKD patients treated with haemodialysis, metabolic acidosis increases the demand for erythropoiesis stimulating agents [29] .
In view of the adverse effect of metabolic acidosis on the prognosis of CKD patients, the members of "The Working Group of the Polish Society of Nephrology on Metabolic and Endocrine Abnormalities in Kidney Diseases" have prepared the following statement and recommendations concerning the diagnosis and treatment of metabolic acidosis in such patients. These recommendations are summarized in Table 1 and Fig. 1 .
Recommendation 1
Measurement of bicarbonate concentration in venous plasma or venous blood to check for metabolic acidosis should be performed in all patients with chronic kidney disease (expert opinion).
Recommendation 2
In patients with CKD stages 4 or 5 (not yet on renal replacement therapy), the determination of plasma or venous blood bicarbonate concentration should be carried out at least once a year (expert opinion). [31] . In a study performed in the Department of Nephrology, Transplantation and Internal Diseases, Medical University of Silesia in Katowice, metabolic acidosis (venous blood bicarbonate concentration below 22 mmol/l) was diagnosed in 19.6% of CKD stages 1 -5 patients [8] .
The prevalence of metabolic acidosis increases along with renal impairment. Clase et al. found blood bicarbonate concentration below 23 mmol/l in 6% of patients with CKD stage 3 and in 33% of patients with CKD stages 4 -5 [30] . Similarly, Skiba et al. observed significant increase in the metabolic acidosis prevalence in patients with CKD stage 4 (44% of patients) and with CKD stage 5 (63% of patients) compared to patients with CKD stage 1 (10% of patients) [8] . It is therefore recommended that patients with stage 4 or 5 CKD should have their venous serum or venous blood bicarbonate concentrations monitored at least once a year.
In order to determine metabolic acidosis in patients with CKD, it is recommended that the venous plasma or venous whole blood bicarbonate concentration should be measured. Due to the risk of bleeding, local complications associated with the arterial puncture and the need to spare arteries for the future access for hemodialysis, arterial blood sampling is not recommended for this purpose. It is important mind the potential impact of ischemia of the forearm while sampling venous blood due to transient venous stasis on blood/ plasma pH value and bicarbonate concentration. This phenomenon may lower pH and bicarbonate concentration of venous blood in the upper extremity and as a consequence lead to overdiagnosis of metabolic acidosis. For this reason, duration of ischemia must be minimalized and we suggest blood sampling by an experience personnel.
Recommendation 3
Metabolic acidosis in patients with chronic kidney disease should be diagnosed when the venous plasma or venous blood bicarbonate concentration is lower than 22 mmol/l (recommendation based on results of observational studies). 
Commentary on recommendation 3
Results of observational studies suggest that in patients with venous plasma or venous blood serum bicarbonate concentration below 21-23 mmol/l, more rapid CKD progression is observed.
In the observational study, MESA (The Multi-Ethnic Study of Atherosclerosis), which included patients with eGFR above 60 ml/min at baseline, a 35% increase of more rapid progression of CKD risk (defined as the loss of more than 5% of the initial GFR value per year) was observed in those patients with a serum bicarbonate concentration below 21 mmol/l, compared with patients with a serum bicarbonate concentration between 23 and 24 mmol/l [32] . The retrospective observational study carried out by Shah et al. showed that for patients with a serum bicarbonate concentration below 22 mmol/l, the risk of more rapid CKD progression (a decline to eGFR 15 ml/min or at least a 50% fall from the baseline eGFR) increased by 54% compared to patients with a serum bicarbonate concentration between 25 and 26 mmol/l [33] . In the CRIC study, which included patients with CKD stages 2 -4, patients with a serum bicarbonate concentration below 22 mmol/l were characterised by a 97% increase in the risk of more rapid CKD progression (i.e. the need for renal replacement therapy or at least 50% decrease in eGFR) compared to patients with a serum bicarbonate concentration between 22 and 26 mmol/l [34] .
Results of observational studies also suggest increased mortality in patients with a plasma or venous blood bicarbonate concentration below 21-23 mmol/l.
In the study done by Navaneethan et al. [35] , which included patients with stage 3 -4 CKD, mortality was 23% higher in patients with a serum bicarbonate concentration below 23 mmol/l compared to patients with a serum bicarbonate concentration between 23 and 32 mmol/l. Among the participants of the NHANES III with CKD, a serum bicarbonate concentration below 22 mmol/l was associated with a more than two-fold increase of mortality compared to patients with a serum bicarbonate concentration between 26 and 30 mmol/l [36] . In a prospective study of patients with CKD not requiring renal replacement therapy (57% of patients with stage 3 CKD), Kovesdy et al. showed that a bicarbonate serum concentration below 22 mmol/l was associated with a 43% increase in mortality compared to patients with a serum bicarbonate concentration between 26 mmol/l and 29 mmol/l [37] .
In conclusion, results of observational studies indicate that patients with a venous plasma or venous blood bicarbonate concentration below 21-23 mmol/l are characterised by more rapid CKD progression and higher mortality. Therefore, in the current recommendations for CKD patients, the concentration of bicarbonate in the venous plasma or venous blood between these values, i.e. 22 mmol/l, has been adopted as a threshold value for the diagnosis of metabolic acidosis.
Recommendation 4
In patients with metabolic acidosis and chronic kidney disease, the use of oral sodium bicarbonate is recommended (recommendation based on the results of interventional studies).
Recommendation 5
The goal of treatment of metabolic acidosis in patients with chronic kidney disease is to achieve a venous plasma or venous blood bicarbonate concentration equal to or greater than 22 mmol/l (recommendation based on results of interventional studies).
Commentary on recommendations 4 and 5
The first reports of beneficial effects of the combination of a low-protein diet with oral administration of sodium bicarbonate in patients with CKD were published as early as in the 1930s [38] .
In recent years, the results of three clinical trials on the impact of alkali therapy on CKD progression have been published. De Brito-Ashurst et al. [39] conducted a randomised trial which included 134 patients with CKD stage 4 and a serum bicarbonate concentration between 16 mmol/l and 20 mmol/l, who were treated with standard therapy or additionally received sodium bicarbonate at the average dose of 1.82 g/day. The authors of the study demonstrated that administration of sodium bicarbonate in CKD patients slows CKD progression measured by GFR reduction, reduces the number of patients requiring renal replacement therapy, and improves nutritional status [39] . Mahajan et al. [40] observed a much slower GFR decrease in patients with hypertensive nephropathy in the course of fiveyear treatment with sodium bicarbonate compared to patients receiving a similar amount of sodium as sodium chloride.
Based on results of available clinical trials we suggest an initial daily dose of 1-2 g of sodium bicarbonate. Subsequently, while monitoring the venous plasma and venous blood bicarbonate concentration, the dose of sodium bicarbonate should be increased until the target bicarbonate concentration, i.e. equal to or greater than 22 mmol/l, is achieved. Due to the lack of data on the safety of sodium bicarbonate used in high doses, in the opinion of the authors a maximal daily dose of 6 g of sodium bicarbonate should not be exceeded.
It is believed that metabolic acidosis treatment using sodium bicarbonate in patients with CKD is well tolerated and safe.
Treatment of metabolic acidosis with sodium bicarbonate at the most commonly used doses, i.e. 2-3 g/day, may sometimes lead to the development of metabolic alkalosis. Therefore, in the course of alkali therapy, the plasma or venous blood bicarbonate concentration should be checked periodically to prevent the process of excessive alkalisation. Results of observational studies suggest that excessive alkalisation may be potentially dangerous. In the CRIC study, in patients with CKD stages 2 -4 with a serum bicarbonate concentration above 26 mmol/l, an increase in mortality and in the incidence of heart failure were observed compared to patients with a serum bicarbonate concentration between 22 and 26 mmol/l [41] . Navaneethan et al. found increased mortality in patients with CKD stages 3 -4 and a serum bicarbonate concentration above 32 mmol/l in comparison to patients with a serum bicarbonate concentration between 23 and 32 mmol/l. In this study, a two-fold prevalence of heart failure and chronic obstructive pulmonary disease was observed in patients with the serum bicarbonate concentration above 32 mmol/l compared to patients with a serum bicarbonate concentration between 23 and 32 mmol/l [35] . Taking this into account, it can be assumed that the increased mortality in patients with a serum bicarbonate concentration higher than 26 or 32 mmol/l in the quoted observational studies, respectively, may result from the co-occurrence of heart failure (administration of diuretics can cause hypokalemia, and subsequently lead to an increase in the concentration of bicarbonate in the serum), or the co-occurrence of chronic obstructive pulmonary disease (in the course of which elevated pCO 2 is accompanied by a compensatory increase in the concentration of bicarbonate in the serum). However, given the above mentioned results of observational studies, the temporary cessation of sodium bicarbonate administration can be considered in clinical situations which can foster the development of metabolic alkalosis (e.g.: vomiting, hypokalemia).
Taking into consideration the fact that sodium bicarbonate contains sodium, it could be assumed that administration of sodium bicarbonate would lead to an increase in blood pressure. However, this was not the case in experimental studies, as well as, in the clinical trials in humans. Namely, experimental studies done in salt-dependent deoxycorticosterone hypertensive rats (DOCA -salt-sensitive rats) and spontaneously hypertensive stroke prone rats suggested that sodium bicarbonate, in contrast, to sodium chloride -does not lead to the blood pressure elevation [42] [43] [44] . No blood pressure increase was observed in the study of De Bristo -Ashurst et al. [39] . The dose of sodium bicarbonate (1.82 g, containing 499 mg sodium) used in this study provided an amount of sodium corresponding to only 10-14% of daily consumption. In addition, the meta-analysis of intervention studies carried out by Susantitaphong et al. [45] has shown that sodium bicarbonate supplementation in patients with CKD is not associated with the need to initiate antihypertensive treatment or with an increase in the number antihypertensive drugs used. In the 1970s, Husted et al. showed that oral sodium bicarbonate treatment in patients with CKD, as opposed to administration of NaCl, did not lead to an increase in systolic blood pressure [46] . They stated that the administration of sodium in the form of sodium bicarbonate increased natriuresis, which allowed the maintenance of a normal body content of sodium. On the other hand, the increase in natriuresis as a result of exposure to sodium in the form of NaCl is smaller and insufficient for the compensation of increased sodium supply [46] . Sodium bicarbonate, in contrast to NaCl, does not increase blood pressure either in healthy subjects or in patients with arterial hypertension [47] .
The use of sodium bicarbonate in large doses may (extremely rarely) lead to an increase in the volume of the stomach (through the release of CO 2 ) and even to rupture of the stomach wall. To prevent this complication, it is recommended that sodium bicarbonate is taken between meals [48] .
Interventional study results indicate that oral administration of sodium citrate may be an alternative method of alkali therapy to treatment with sodium bicarbonate. During a twoyear observation of 59 patients with hypertensive nephropathy (eGFR ranging 20-60 ml/ min) treated with sodium citrate for metabolic acidosis, Phisitkul et al. showed a reduction in the rate of decrease of eGFR from 3.8 ml/min/year to 1.9 ml/min/year [49] . However, sodium citrate increases absorption of aluminium from the gastrointestinal tract. Therefore, it should not be used in patients with significantly impaired renal function (especially while taking aluminium-containing phosphate binders, although these medications are almost never used nowadays). In addition, the use of sodium citrate does not lead to an increase of bicarbonate concentration in patients with liver damage, as the conversion of citrates into bicarbonates occurs mainly in the liver. The authors of the current recommendations do not have personal experience of the use of sodium citrate in alkali therapy.
In addition to pharmacological treatment, a diet rich in vegetables and fruits (the socalled "alkaline diet") may have a beneficial effect on metabolic acidosis in CKD patients [50] [51] [52] . Renoprotective effects of this diet has been found in patients with hypertensive nephropathy and CKD stage 1 [50] . Goraya et al. [53] , in a study involving 71 patients with hypertensive nephropathy (eGFR >90 ml/min) and albuminuria, found that proteinuria did not worsen in patients following a diet with an increased content of fruits and vegetables, in contrast to patients not undergoing alkali therapy. In patients with CKD stage 3 and a concentration of tCO 2 in the serum between 22 mmol/l and 24 mmol/l treated with sodium bicarbonate or following a diet with an increased content of fruits and vegetables, the decrease in eGFR (calculated based on creatinine and cystatin C plasma concentrations) over a three-year period, was lower than in those not receiving sodium bicarbonate or the abovementioned diet [54] . In an observational study of 76 non-diabetic patients with hypertensive nephropathy and GFR ranging between 15 ml/min and 29 ml/min taking angiotensin converting enzyme inhibitors, with serum potassium concentrations below 4.6 mmol/l and metabolic acidosis, Goraya et al. showed a similar degree of improvement of metabolic acidosis, reduction of albuminuria and reduction of GFR in patients treated with sodium bicarbonate and those receiving a diet enriched with fruits and vegetables [54] . Careful selection of patients participating in the study (i.e. without a tendency to hyperkalemia) and close monitoring of serum potassium concentrations reduced the risk of hyperkalemia in patients with impaired renal function even though a potassium-rich diet was ingested [55] .
Scialla et al. showed that in patients at different CKD stages, a diet rich in vegetable protein increased the concentration of bicarbonate in the blood [56] .
It should be kept in mind that the use of the so-called "alkaline diet", i.e. a diet rich in fruits and vegetables, in patients with CKD can potentially lead to hyperkalemia. It should also be noted that no studies have been conducted on the safety of a diet with an increased content of fruits and vegetables under the conditions of routine clinical practice (i.e. not under the conditions of a clinical trial). In clinical practice, a diet with an increased content of fruits and vegetables should be considered in CKD patients only in stages 1 -2.
Limitations of the recommendations
The existing data concerning the impact of the treatment of metabolic acidosis on the inhibition of CKD progression originate from single-centre studies, without randomisation, and including only small groups of patients [57, 58] . Currently, three interventional studies involving a larger number of patients are being conducted: the UBI study (prospective, multicentre, randomised, aiming at recruitment of 600 patients with stage 3b -4 CKD and metabolic acidosis treated with sodium bicarbonate vs sodium citrate vs placebo); the So -Bic study (prospective, single-centre, randomised trial with 200 patients with stage 3 -4 CKD and metabolic acidosis treated with sodium bicarbonate vs placebo); and the NCT01452412 study (prospective, multicentre, randomised, involving 728 patients with stage 3b -4 CKD and metabolic acidosis treated with sodium bicarbonate vs placebo) [59 -61] .
The recommendations presented above do not cover patients undergoing renal replacement therapy. An important source of bicarbonate in the plasma in patients with CKD treated with haemodialysis is from the dialysate during haemodialysis sessions [62, 63] . In these patients, normal or increased concentrations of bicarbonate in the plasma or venous blood are found (usually between 27 and 30 mmol/l) immediately after haemodialysis [62, 63] . This concentration is significantly reduced during the period between dialyses [62, 63] . In patients with CKD receiving peritoneal dialysis, metabolic acidosis occurs rarely [64] . In renal transplant patients, the results of the few available observational studies suggest that metabolic acidosis is a risk factor for adverse prognosis in terms of graft and patient survival [65, 66] . So far, there have been no interventional studies on treatment of metabolic acidosis which include a sufficiently large group of patients undergoing renal replacement therapy. Therefore, the routine use of sodium bicarbonate in patients undergoing renal replacement therapy is currently not recommended.
